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In the preceding paper (1), a method of assay and a partial purification of a 
substance present in autolyzed pepsin solutions were described, 
In this paper, using the partially purified substance (AHPF), an analysis of 
the effect of the AHPF on virus formation by various strains will be reported. 
It will be shown that while the purified AHPF increases the amount of virus 
released per cell, it has no effect on the multiplication rate of uninfected S. 
muscae cells in Fildes' synthetic medium. This last observation is of importance, 
since it is well known that most substances which increase the multiplication 
rate of uninfected bacteria generally will increase the virus yield from these 
organisms. Such systems are difficult to interpret, since, it is hard to say whether 
the increased phage yield is due to a direct effect on phage synthesis or to an 
indirect effect through the increased growth rate of the bacteria. Very few sub- 
stances have been reported which increase the virus yield of infected cells with- 
out affecting the division time of uninfected cells. 
It has been found that various strains of S. muscae behave quite differently 
in regard to addition of the AHPF. With a strain that forms little or no phage 
unless the AHPF is added to the medium, it has been possible, by the use of the 
one-step growth technique, to make the following observations on singly in- 
fected cells: (a) in the absence of the AHPF, the phage is adsorbed and kills the 
cell, although little or no phage is released;  (b)  if the AHPF is added after 
adsorption, there is still little or no virus released from the infected cell; (c) the 
AHPF seems to be concerned in a very early stage in virus synthesis. 
Strains of S. muscae which do not require the addition of the AHPF to liberate 
phage in Fildes' synthetic medium have been found to contain either the AHPF 
or some substance that can replace it. 
An analysis of the effect of aspartic acid on virus synthesis is also reported. 
EXPERIMENTAL  RESULTS 
All cells tested could be classified into four strains by their response to the 
AHPF and their multiplication rate in Fildes' synthetic medium. The results 
are summarized in Table I. 
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Strain I multiplied slowly in Fildes' synthetic medium and formed little or no 
phage  unless  the  AHPF  was present.  Strain  II did  not  multiply  in  Fildes' 
synthetic medium and formed no phage even on the  addition of the AHPF. 
Adding small concentrations of acid-hydrolyzed casein permitted this strain to 
grow in  the  synthetic medium, although  such  cells formed very little  phage 
without the addition of the AHPF. 
Strain  III multiplied  in  Fildes' synthetic medium and formed phage. The 
addition of the AHPF had no effect on virus synthesis with this strain. 
Strain IV would not grow in Fildes' synthetic medium. Small concentrations 
of acid-hydrolyzed casein caused this strain  to multiply in  the  synthetic  me- 
TABLE I 
Di~sion TimeandPMge Y~d ~  Var~usStrains ~SMphylococcusmuscae 
S~a~ 
No. 
I 
II 
III 
IV 
3.4-4.15 hrs. 
No multipli- 
cation 
2.15 hrs. 
No multipli- 
cation 
Division  time* 
Fildes' synthetic medium 
plus 
Low con- 
centration  AFIPF 
of Hc~ 
3.4-4.15 hrs. 
3-4 hrs.  3-4 hrs. 
2.15 hrs. 
3-4 hrs.  No multipli- 
cation 
AI~F -t- 
low con- 
centration 
of Hc 
3-4 hrs. 
3-4 hrs. 
Phage yield  r cell 
Fildes'  synt  he taPec  medium 
plus 
0-2 
0 
10-15 
0 
Low collo 
centration 
of He 
0-2 
7-12 
AKPF + 
AI-IP  F  low con- 
ceutration 
of Hc 
5-12 
0  6-12 
10-15 
0  7-12 
* All division times refer to the growth rate of the first 10 hours in Fildes' medium after 
the cells were washed off the agar slants. 
:~ Hc, acid-hydrolyzed casein. 
dium, and, in contrast to strain II, to form phage. The addition of the  AHPF 
had no detectable effect on virus synthesis. 
Before going into the results in detail, there are three points that should be 
mentioned. 
Although the average yield of phage liberated from the S. muscae strains is 
only between 6 to 12 particles, it must be remembered that even in the E. coli 
system, in which the average burst size is several hundred per cell in nutrient 
broth,  there are only between 6  to 20 particles liberated per cell in synthetic 
medium. Under the most optimal growth and in the richest medium yet found, 
the S. muscae strains have an average burst size of 40 to 50. In view of this fact, 
therefore, the phage yields per cell of the S. muscae strains reported on in this 
paper are not small in comparison to the burst sizes of other phage systems in 
synthetic medium. 
The second point is that acid-hydrolyzed casein contains at least two sub- WINSTON  H.  PRICE  233 
stances which influence the host-virus relationship of S. muscae. One substance 
affects the growth rate, and the other substance affects the phage yield. 
Third,  although all strains of S. mgscae do not require the addition of the 
AHPF for phage formation, the strains that do not require it synthesize either 
the AI-IPF or some compound similar to it. Phage formed from such cells con- 
tains the AHPF (3). Thus, the AIt-PF seems to be an essential substance for the 
formation of phage of all S. m~cae strains studied. 
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FIG. 1. Effect of the AI-IPF on the multiplication rate of strain I. Tubes A and B 
containing  10.0 ml.  of Fildes' synthetic medium were inoculated  with  1.5  X  10  s 
cells per ml. prepared as described  under Methods. Tube A received  0.1 ml. of water 
and  tube B  received 0.1 ml. of the AHPF containing 20 3' of nitrogen. Both tubes 
were  then  shaken  at  37  °  as  described  under  Methods.  Bacteria  were  determined 
turbidimetrically every hour. 
Strain I 
Since strain I  forms little or no phage unless the AHPF is added to the me- 
dium, all the work on the analysis of the, effect of this compound on virus syn- 
thesis has been carried out with this strain. Fig. 1 shows the multiplication rate 
of this strain in Fildes' synthetic medium with and without the addition of the 
AItPF. It can be seen that there is no detectable effect of the AHPF on the 
multiplication rate of this strain. Table II shows that the virus is adsorbed to 
the cell and kills the cell in the absence of the AHPF. "Killing of the cell" as 
used  throughout  the  paper means that  the  infected  cell cannot give rise  to 
visible colonies  under  conditions  in  which  the  normal cell does give rise  to 
colonies. Table III shows the effect of the AHPF on virus synthesis in Fildes' 
synthetic medium. In six experiments, no phage was released from infected cells 234  Vlglrs  SYNTItESIS 
TABLE II 
The Effect of the  Virus on the  Viability of the Hosl Cell in the Absence of the AHPF 
Two tubes containing 10.0 ml. of Fildes' synthetic medium were inoculated with 1.5 X  10  ~ 
cells per ml. as described under Methods. After shaking 3~ hours, at which time the ceU 
count was 2.2 X  10  s ceils per ml., one tube received 1.8 X  10  s virus particles per ml. The 
tubes were shaken another 20 minutes, centrifuged, washed, shaken 10  more minutes, and 
then plated for viable ceils. A one-step curve carried out on the infected sample showed that 
no virus was released. 41 per cent of the cells were infected. 
Tube  Addition  _  Viable bacteri~ per ml. 
1  --  1.71, 1.58 X t0  s 
2  1.8 X  10  s virus  1.11, 1.01  X  l0  s 
TABLE III 
Effect of the Acid-Hydrolyzed  Protein  Factor on Virus Synthesis 
The tubes for the various experiments  were prepared as described in Fig. 1. After 4 hours' 
incubation, 0.2 ml. of virus solution was added to the tube containing the AHPF and to the 
tube without it. The initial input was generally about 1.0 X  107 virus particles per ml. After 
shaking 6 minutes to permit adsorption, one-step growth curves were carried out as described 
under Methods. 
Initial infected cells  Final phage titer 
Experiment No.  per nil.  Average burst size  (Bi)  per ml. (FP) 
1 
11 
12 
Sample 
-- AHPF  2.1 
+AHPF  4.1 
--  AHPF  3.4 
+AHPF  6.1 
--AHPF  1.8 
+AHPF  3.8 
-- AHPF  5.1 
+AHPF  6.3 X 
--AHPF  2.1  X 
+AHPF  6.1  X 
--AHPF  4.8 X 
+AHPF  5.1  X 
--AHPF  2.1  X 
+AHPF  4.8 X 
--AHPF  6.7  X 
+AHPF  7.3 X 
--AHPF  4.1  X 
+AHPF  6.1  X 
X 
X 
× 
× 
X 
X 
× 
106  1.9 X 106 
106  3.3  X  107 
106  2.1  X  106 
106  3.5  X  107 
106  3.4 X  106 
106  3.1  >(  107 
106  4.2 X  106 
106  5.4 X 107 
106  6.3 X 106 
0 
9 
10  6 
10  6 
10  6 
10  6 
10  ~ 
10  ~ 
10  ~ 
10  ~ 
10  6 
7.1 ×  Io  7 
9.1  X  10  6 
6.3  X  10  v 
1.8 X  l0  s 
5.6X  107 
4.2 X 106 
4.3  X  10  r 
3.8×  IO  ~ 
6.2  )<  10  r 
12 
2 
12 
0 
9 
0 
6 
0 
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in the tubes containing no AHPF, while the tubes containing the AHPF showed 
an average burst size of from 6 to 10 particles per cell. In the remaining three 
experiments, there was an average burst size of about 2 with no AHPF, and of 
about 12 in the presence of the AHPF.  z 
In the absence of the AHPF, the infective centers remain fairly constant up 
to 70 minutes, and then usually decline. In a few experiments the decline of in- 
fective centers started at 45 minutes. The fact that the plaque count remains 
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FIG. 2. One-step growth  curves of cells infected  in Fildes'  synthetic medium  for 
5  minutes  or 90  minutes  and then resuspended  in tryptose phosphate  broth. Two 
tubes,  1 and 2, containing  10 ml. of Fildes'  synthetic medium  but no AHPF were 
prepared  as described in Fig.  1. After shaking 4 hours 0.1 ml. of virus solution was 
added to each tube to give 1.0 X 10  e particles per ml. The cell count at this time was 
2.2 X  108 cells per ml. After shaking 6 minutes,  the suspensions were centrifuged and 
washed and resuspended in 10.0 ml. of Fildes' medium. After 5 minutes of shaking 0.1 
ml. of tube 1 was added to 10.0 ml. of tryptose phosphate broth and the contents well 
mixed. 0.1 ml. of this solution was added  to another 10.0 ml. of tryptose phosphate 
broth and the tube assayed for virus at various  times. Tube 2, after shaking for 90 
minutes  in Fildes'  medium,  was treated exactly  like tube  1. 
fairly constant,  however,  indicates  that  cells  infected  in  the  absence of the 
AHPF in Fildes' synthetic medium are able to liberate  virus when plated in 
tryptose phosphate broth in which the assay is carried out. This idea is con- 
firmed when one-step growth curves of such cells  are carried out in tryptose 
phosphate broth. Although the burst size of such cells is about 10 (eft Fig. 2), 
the plaque count remains fairly constant, since no matter how many particles 
are released from a cell on the assay plate, they give rise to only 1 plaque. An- 
1 At the  time  these  experiments  were carried  out, the multiplicity  effect on the 
AHPF system  (3) was not known. If a very low ratio of virus to cells is used  (1  X 
108 B per ml. and 1 X  10  s P per ml.) there is no virus released from the cells in the 
absence of the AHPF. In the three experiments in which singly infected cells liberated 
virus,  this may be due to multiply infected cells. 236  vmus  SYNTHESIS 
other point brought out by such experiments is that cells which have been in- 
fected in Fildes' synthetic medium in the absence of the AHPF and then allowed 
to remain in this medium for 90 minutes, still show the same minimum latent 
period and rise period as cells which have only been infected in Fildes' medium 
for 5 minutes, and then put into tryptose phosphate broth (Fig. 2). This indi- 
cates that in the absence of the AHPF, there is very little start in the synthesis 
of virus. If the virus were being synthesized in the absence of the AHPF, then 
one would expect that the minimum latent period instead of being the usual 30 
to 40 minutes would be shortened in the 90 minute sample. This is not the case. 
Since the addition of the AHPF to cells after they have been infected still 
does not permit such cells to release phage (Table VI), it must be assumed that 
tryptose phosphate  broth besides  containing  the  AHPF,  which  was  found 
previously, also contains one or more substances which allow such cells to release 
phage. If the virus assay is carried out in Fildes' synthetic medium, in the absence 
of the AHPF, no infective centers are formed. 
Average Burst Size from Single Cells in the Presence of the AttPF__  The ques- 
tion arose as to whether a few of the infected ceils were forming large yields of 
virus or whether all infected cells were forming small yields of phage. Burst 
sizes from single cells were carried out according to the method of Burnet (2). 
330 samples were assayed for virus of which 64 showed bursts. Of these 64, 10 
per cent of the bursts would be due to more than one cell on a statistical basis. 
Since microscopic observation and plate count indicate that about 35 per cent 
of the ceils are in clumps, however, more than 10 per cent of the bursts would 
be due to more than one cell, since the chances for getting more than one cell in 
a tube would, of course, be greater due to the clumps. Table IV gives the burst 
sizes oi singly infected cells in the presence of the AHPF and shows that most 
cells liberate between 5 and 10 particles. 
The Effect of Adding the AHPF at  Various  Times during  a One-Step Growth 
Curve.--By adding the AHPF at various times during a one-step growth curve, 
it was possible to show that this compound seems to be concerned in some re- 
action necessary for virus synthesis occurring during the early part of the mini- 
mum latent period. 
Table V illustrates that cells grown in the presence of the AHPF  and then 
resuspended in fresh medium without the AHPF, behave as if they have never 
been in contact with the AHPF in so far as forming phage is concerned. This is 
not simply due to the fact that the cells have used up all the AHPF in the first 
medium, since it can be seen that the superuatant fluid from such cells contains 
the AHPF. 
Table VI shows that for the AHPF to give its maximum stimulation it must 
be present before the virus is added, while the virus is being adsorbed to  the 
cell, and halfway through the minimum latent period. If the AHPF is added 
after the virus is adsorbed, there is still no release of the phage from such in- WINSTON  H.  PRICE  237 
fected  cells. The  fact  that  the AHPF  must  be present  all during  this  time,  a 
period  of 35  minutes,  is  not  simply  a  matter  of letting  the  ceils accumulate 
TABLE IV 
Percentage of Burst Sizes from Singly  Infected  Cells in Presence of the AHPF within the 
Li,  nltlng Values 
Tubes  containing  10.0  mi.  of  Fildes' synthetic  medium  were  inoculated  with  18  hour 
washed  cells prepared  as  described  under  Methods  to  give 1.5 X  I0  8 cells per  mi.  After 
shaking 4 hours in the presence of the AHPF, the burst sizes of single cells were carried out 
as described under Methods. The AHPF was present all during the experiment. The initial 
virus titer was 1.8 X  10  s particles per ml., and the cell count was 2.2 X  10  s cells at the times 
the virus was added. 
Percentage of bursts  Burst sizes 
18 
40 
20 
10 
8 
4 
2-5 
5-10 
10-15 
15-20 
20-40 
40-100 
TABLE V 
Effect on Virus Synthesis  of Incubating  Cells in Presence of the AHPF before the Addition of 
the Virus 
Three  tubes  containing  10.0  ml.  of  Hides'  synthetic  medium  were  inoculated  with 
1.5 X  10  s washed cells.  Tube 1 received 200 ,~, of N  of the AHPF (0.1 ml.). The tubes were 
shaken 4 hours. Tube 1 was centrifuged and the cells washed and suspended in Fildes' syn- 
thetic medium free of the AHPF. 0.1 ml. of virus solution was added to give 1.0 ×  105 par- 
tides per mi. and a one-step growth curve carried out in this tube. Tube 2 received 1 ml. of 
the supernatant from tube 1, and was shaken 20 minutes and then received the same amount 
of virus as tube 1. A one-step growth curve was carried out on the tube with the final dilu- 
tion tube containing 1.0 mi. of the supernatant from tube 1. Tube 3 received the same amount 
of phage as tubes 1 and 2 and also 1.0 mi. of Fildes' synthetic medium and a one-step growth 
curve was carried out on the tube. 
Tube  Addition 
APHF added before virus 
Supernatant  from tube 1 added 
before and  during  virus syn- 
thesis 
1.0 ml. of synthetic medium 
Bi per mL 
4.4 X  10  4 
5.1  ×10 4 
2.1  X  104 
PF per mL 
1.2  ×  106 
6.3  X  105 
3.9 X  104 
Averase 
burst raze 
3 
12 
enough of this compound; for if this was the explanation, then growing the cells 
for 4 hours in the presence of the AHPF  and resuspending them in fresh medium 
without  the AHPF  should permit such  cells to form phage.  Tube  1  (Table V) 
shows this does not happen. 238  v~vs  SYNTHESIS 
TABLE VI 
The Effect  of Adding  the AHPF at  Various  Times during  a One-Step  Growth Curve 
Five  tubes  containing  10.0 ml.  of  Fildes'  synthetic  medium  were  inoculated  with 
1.5  X  10  s cells per ml. The tubes were then shaken for 3{ hours. Tube 1 received 20 3, of N 
of the AHPF. The tube was shaken 20  minutes, centrifuged, the cells washed, and resus- 
pended in 10.0 ml. of Fildes' synthetic medium containing 20 7 N  of AHPF, 0.1 ml. of virus 
solution added to give 1.0 X  106 particles per ml., and s  one-step growth curve carried out. 
The last dilution tube contained 20 7  of the AHPF. Tube 2 received the same additions as 
tube 1 except that there was no AHPF present before the adsorption process. Tube 3 only 
received the AHPF'after virus adsorption. Tube 4  received the same additions as tube 1 
except that the cells were centrifuged out halfway through the minimal latent period and 
resuspended in Fildes' synthetic medium without any AHPF. Tube 5 received no AHPF~at 
any time. 
Average 
Tube  Addition of AHPF  Bi per ml.  PF per ml.  burst gaze 
Before and during virus adsorp- 
tion and synthesis 
During  virus  adsorption  and 
virus synthesis 
After virus adsorption 
Before and during virus adsorp- 
tion and 1/2 through minimal 
latent period 
None 
6.1  X  10  t 
5.1  X  10  4 
3.2  X  10  4 
5.8 X  10  4 
2.8X  10  4 
6.3 X  10  5 
1.1  x  lo  s 
3.6 X  10  4 
5.3 X  10  ~ 
2.1  ×  10  ~ 
10 
2 
0 
9 
TABLE VII 
The Effect  of the AHPF on Virus Synthesis  with Strain II 
Cells grown for 18 hours on veal infusion agar slants were washed off and prepared as 
described under Methods. Four tubes containing 10.0 ml. of Fildes' synthetic medium were 
inoculated with 1.5 X  108 cells per ml. Tubes 1 and 3 received 50 7 of acid-hydrolyzed casein 
(0.1  ml.)  and tubes 2 and 4  received 0.I  ml. of 1-120. Tubes 2 and 3 also received 0.1  ml. 
of the AI-IPF (20 7 N) and tubes 1 and 4 received 0.1 ml. H20. The tubes were shaken for 
4 hours and then 0.1  ml. virus solution was added to each tube to give 1.0 X  1(# particles 
per ml.  The tubes were shaken 10 minutes and one-step growth curves carried out as de- 
scribed under Methods. The final dilution tube had the same additions as the parent tube 
except no cells or virus were added. 
Tube  Addition 
50  7  of acid-hydrolyzed casein 
+  0.I ml. of H20 
20 7  N  of AHPF +  0.1  ml. of 
H~O 
50  7  of acid-hydrolyzed casein 
+  20 ~/N of AHPF 
No addition 
B~ per In]. 
4.1  X  10  4 
5.8 ×  lif  t 
6.1  X  10  4 
2.g×  lo  4 
FP per nil. 
8.8X  10  4 
6.1  X  10  4 
7.4X  10  ~ 
1.9 X  10  4 
Average 
burst slze 
2 
0 
12 
0 WINSTON  H.  PRICE  239 
Strain H 
Strain II differs from strain I  in not being able to grow in Fildes' synthetic 
medium.  The addition  of a  small amount  of hydrolyzed casein permits this 
strain to grow, although there is little phage released from such infected cells. 
The addition of the Att-PF to the medium greatly increases the average burst 
size for this strain (Table VII). The AH_PF has no detectable effect on the multi- 
plieation rate of this strain (Fig. 3). This strain therefore differs from strain I in 
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FIG. 3. The effect of hydrolyzed casein and AHPF on the growth rate of strain II. 
Four tubes containing 10.0 ml. of Fildes' synthetic medium were inoculated with 1.5 
X  l0  s cells per ml. prepared as described  under Methods. Tube 1 received 0.2 ml. of 
H20, tube 2 received 5.0 7  per ml. of hydrolyzcd casein  (0.1 ml.)  +  0.1 ml. of H20, 
tube 3 received 20 7 of N of AHPF (0.1 ml.) +  0.1 ml. of HaO and tube 4 received 5.0 
"y per ml. of acid-hydrolyzed casein  (0.1 ml.) and 20 7  of N of AHPF (0.1 ml.). The 
cell count was then determined turbidimetrically as described  under Methods. 
not being able to synthesize the growth factor necessary for ceU multiplication 
in Fildes' synthetic medium, and this growth factor must be added in the form 
of acid-hydrolyzed casein. 
Strain III 
Strain III multiplies in Fildes' synthetic medium (Fig. 4).  This strain also 
forms phage, and the addition of the M-IPF has no effect on the virus synthesis 
of this strain (Table VIII). It was thought that perhaps the failure of this strain 
to respond to the AI-IPF was due to the fact that the AHPF was metabolized by 
the cells before the phage was added. This idea proved to be incorrect, however, 
since assaying the supematant fluid from cultures of strain III showed that 240  VIRUS  SYNTHESIS 
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Fxo. 4. Multiplication rate of strain III in Fildes' synthetic medium. A  tube con- 
taining  10.0 ml. of Fildes' synthetic medium was inoculated with  1.5  X  10  s cells per 
ml. of strain IH which had been grown on nutrient agar for 18 hours and then washed 
and  prepared  as described under  Methods.  The multiplication rate  was  determined 
turbidimetrically as described under Methods. 
TABLE VIII 
Virus Synthesis of Strain III M4k and ~tkout the AHPF 
18 hour nutrient agar slants were washed off and prepared as described under Methods. 
Two tubes containing 10.0 ml. of Fildes' synthetic medium were inoculated with 1.5 X  10  s 
cells per ml. Tube 1 received 0.1 ml. of H~O. Tube 2 received 50 7 hl of the AHPF (0.1 ml.). 
The tubes were shaken 3½ hours and then 0.1 ml. of virus solution was added to give 1.0 X  105 
particles per ml. One-step growth curves were carried out as described under Methods. 
Experim e t 
A 
B 
C 
Tube  Addition 
0.1 ml. H20 
50 7 N  of AHPF 
O. 1 ml. H~O 
50 7 N of AHPF 
0.1 ml. H20 
50 7 N  of AHPF 
B/per ml. 
4.1  X  104 
6.1  X  104 
3.2  X  104 
5.1  X  104 
3.4 X  104 
6.1  X  104 
FP per mL 
5.3  X  105 
6.2  X  10  s 
3.3  X 10  ~ 
6.4 X 105 
4.2  X 105 
5.7 X 10  s 
Average 
burst m~¢ 
13 
10 
10 
13 
12 
9 
there was a  great deal present  under  the experimental  conditions,  and  adding 
ten times the amount of AHPF  still did not increase the virus yield of this strain. WINSTON H. PRICE  241 
Strain IV 
Strain IV is unable to grow in Fildes' synthetic medium and so differs from 
strain III. The addition of small amounts of acid-hydrolyzed casein permitted 
this strain to grow, and, in contrast to strain II, to form phage (Table IX). The 
addition of the AHPF to the medium had no effect on virus formation by this 
strain. Table VIII  shows that by varying the amount of acid-hydrolyzed casein, 
it is possible to increase the phage yield faster than the multiplication rate of 
the cells. By adding 500-r of hydrolyzed casein per ml., the average burst size is 
TABLE IX 
The Effect of Acid-Hydrolyzed Casein on Cell Growth  and Phage Multiplication with Strain IV 
Cells were washed off nutrient agar after 18 hours' growth and prepared as described under 
Methods. Five tubes were inoculated with 1.5 X 10  s cells per ml. Tube 1 received 50 7 of 
acid-hydrolyzed casein, tube 2 received 200 7 acid-hydrolyzed  casein, tube 3 received 1 nag. 
of acid-hydrolyzed  casein. Tube 4 received 5 rag. of hydrolyzed  casein. All hydrolyzed  casein 
additions were added in 0.1 ml. Tube 5 received 0.1 hal. of H20. Virus yields were carried 
out by shaking the various tubes 4 hours, adding 0.1 ml. of virus to give 1.0 X 105 particles 
per ml., shaking 10 minutes at 37  ° and doing one-step growth curves on the washed precip- 
itates as described under Methods. The final dilution tubes for the one-step curves had the 
same additions as the ~arent tubes, except that no virus or cells were added. 
Tube  Hydrolyzed casein  Divi~on times  Average burst size 
"r/m~. 
5 
20 
100.0 
500.0 
0 
~n'$. 
4.5 
3.2 
2.5 
2.25 
No multiplication 
9 
11 
13 
21 
0 
practically doubled although the multiplication rate is almost the same as the 
next lower amount of hydrolyzed casein. 
Adaptation  of Strains  in  Fildes'  Synthetic  Medium.--Dr.  M.  Baylor  (un- 
published results from this laboratory) found that after successive subculture in 
Fildes' medium, strain IV grew'well in Fildes' medium and formed phage. It has 
further been found that after 4 to 10 successive subcultures in Fildes' medium, 
all strains behave like strain III, and cannot be distinguished from strain III 
in any properties so far examined. Since it has been possible to isolate strain III 
from strain II, the tentative working hypothesis is that with strain III having 
a much faster multiplication rate than strains I, II, and IV, it simply overgrows 
these strains on successive subcultures and the resulting strain that one ends up 
with is strain III. 
Effect of Extracts of Strains I, H, III, IV, and the Adapted Culture on Virus 
Synthesis~--Experlments were carried out to determine why strains III, IV, and 242  v~us  SYNTHESIS 
the adapted strain did not require the AHPF for virus synthesis. Table X  shows 
that extracts of strains III, IV,  and  the adapted  culture,  contain some sub- 
stance which behaves like the AHPF  and  stimulates the phage formation of 
strain I. Extracts of strain I  or II, however, do not appear to contain this sub- 
stance. The controls show that extracts of strains I  and II would have shown 
AHPF activity if there had been any present. It appears that strains III, IV, 
and the adapted culture can synthesize either the AHPF or something that can 
act like it, while strains I  and II cannot. 
TABLE X 
The Effect of Extroxts of Strains I, Hj III, IV, and Adapted Cells on Virus Synthesis in Fildes' 
Synthetic Medium 
Strains I, II, III, and IV were washed off 18 hour agar slants and prepared as described 
under Methods.  5 portions of 10.0  ml. of Fildes' synthetic medium were then inoculated with 
1.0 X  10  ~° ceils per ml. of strains I, II, III, IV, and the adapted strain ands haken 2 hours 
at 37°C. The cells were then centrifuged and washed with 10.0 ml. of synthetic medium, and 
heated for  10 minutes at  100°C. Mter centrifuging,  the supernatants were poured  off and 
0.4 ml. of each extract was added to the test system.  The test system consisted  of cells of 
strain 1 which had been shaken for 3 hours and 40 minutes in 10.0 ml. of Fildes' synthetic 
medium at 37°C. Mter the addition of the 0.4 ml. of the various extracts, the cells were shaken 
for 20 minutes and then 0.1 ml. of virus solution was added to give 1.0 X  105 particles per 
ml. The tubes were shaken 8 more minutes at 37°C. and then one-step growth curves carried 
out as described under Methods.  The final dilution tube from  each parent tube contained 
0.4 ml. of the type of extract added to the parent tube. 
Tube  ml.  PF per nil.  Average 
burst size  Addition  Bi per 
0.4 ml. H20  2.1  X 
0.4ml.  ofI  4.1  X 
0.4 ml. of II  4.8 X 
0.4 ml. of III  3.8 X 
0.4 ml. of IV  5.1  X 
0.4 ml. of adapted cell extract  5.3 X 
0.4 ml. of I plus 20 -r N of AFIPF  4.5 X 
10  4 
I0  4 
I0  4 
10  4 
I0  4 
I0  4 
10  4 
4.1 ×  104 
9.6 X  104 
1.4  X  10  ~ 
5.2 X  105 
6.1  X  105 
6.2 X  105 
5.9 X  105 
2 
2 
3 
13 
12 
11 
13 
Effect of Aspartic Acid on Virus Syntkesis.--A  survey was carried out to de- 
termine  the effect  on phage synthesis of the various components  making up 
Ffldes' synthetic medium. These experiments resulted in the finding that aspar- 
tic acid behaved in many respects like the AHPF in stimulating virus synthesis. 
The experiments were carried out with strain I  after it had been subcultured in 
Fildes' synthetic medium nine consecutive times, and thus did not require the 
addition of the AHPF for phage synthesis. The addition of the partially  purified 
AHPF, in the absence of aspartic acid, had no effect on virus formation in this 
system. 
In the absence of aspartic acid the virus was adsorbed to the host cell and 
killed it as indicated by colony plate count. No virus was released. Indeed, there WINSTON  H.  PRICE  243 
was a loss of infective centers. If the cells were grown in the presence of aspartic 
acid and infected, with aspartic acid being present during the whole phage cycle, 
about  10 phage particles were released per cell. If the aspartic acid was not 
added before infection, but only during infection and synthesis, about 5 par- 
ticles per cell were liberated. However, if the ceils were grown in aspartic acid, 
washed,  and re-suspended in medium minus aspartic acid and then infected 
immediately, no virus was released. Table XI shows a typical experiment. 
The one difference between the AI4-PF and aspartic acid was that aspartic 
acid increased the multiplication rate of the cells while the AHPF does not 
change the rate under the experimental conditions. Thus,  in  the absence of 
TABLE  XI 
The Effect of Aspart~ Acid on Virus Synthesis 
Cells from a  21  hour synthetic slant were washed off and prepared  as described under 
Methods. Four tubes, each containing 10.0 ml. of the minimal medium were inoculated with 
the washed cells to give 2.0 X  108 cells per ml. Tube A  received no aspartic acid, tube B 
received 1.5 nag. of aspartic acid, tube C received no aspartic acid, and tube D  received 1.5 
mg.  of aspartic acid.  After shaking 4  hours,  tube D  was centrifuged, washed once in 10.0 
ml. of minimal medium, and resuspended in minimal medium without aspartic acid. Tube C 
received 1.5 mg. of aspartic acid. 0.1 ml. virus solution was added to all 4 samples to give a 
final concentration of 1.0 X  i05 particles per ml. and a  one-step growth curve carried out as 
described under Methods. 
Sample  Addition  Average burst size 
A  --  0 
B  Aspartic acid before, during, and after infection  10 
C  Aspartic acid during and after infection  5 
D  Aspartic acid before infection  0 
aspartic acid, the cells increased from 2.0 X  l0  s cells per ml. to 2.6 X  10  s cells 
per ml. in 4 hours, not including a 2 hour lag period. In the presence of aspartic 
acid, they increased from 2.0 X  10  s cells per ml. to 4.0 X  10  s cells per ml. in 4 
hours. 
It could be argued, therefore, that the aspartic acid effect was an indirect one, 
acting through the increased growth rate. This does not appear likely for two 
reasons. First, microbiological analysis of phage, purified by the use of bacterial 
antiserum and three separate cycles of low-high speed centrifugation, showed 
the aspartic acid content of the phage to be about 3 per cent. Second, if the 
aspartic acid is added to the cells at the same time as the virus, there is still a 
large increase in phage synthesis  (cf.  Table XI).  Since infected cells cannot 
multiply, the latter experiment also indicates that the aspartic acid effect is a 
direct one on virus formation. 
Experiments with the aspartic acid system were carried out similar to the 244  vmus  S~THESlS 
experiment described in Fig. 2. No differences were noted in the one-step growth 
curves between  cells infected for 5  minutes  and  for 90 minutes in medium 
minus aspartic acid and then resuspended in tryptose phosphate broth. 
DISCUSSION 
The results reported in this paper show that two of the four strains of S. 
~nuscae studied require the addition of a  factor found in acid-hydrolyzed pro- 
reins in order to liberate phage in Fildes' synthetic medium. The two strains 
which do not require the addition of the AHPF are able to synthesize it, or 
some substance that can replace it. Both types of strains form phages which ap- 
pear to contain the AHPF or a  similar compound (3). Thus, the AHPF is an 
essential substance in all strains of S. muscae so far studied in relation to phage 
formation. 
The substance has no detectable effect on the multiplication rate of unin- 
fected S. muscae bacteria in Fildes' synthetic medium. It should be emphasized 
that practically all substances which increase the phage formation of cells also 
increase the multiplication of uninfected cells. Experiments in progress, carried 
out to determine the effect of the various components of Fildes' medium on S. 
rauscae phage growth, have revealed that any of the components that increase 
the phage yield of infected cells also increase the multiplication rate of unin- 
fected cells. Other accessory growth factors have been found to act in a similar 
manner. The AHPF effect is thus rather unique in that the substance stimulates 
phage formation, but does not affect the multiplication rate of uninfected bac- 
teria. 
In order for the AHPF to give its maximal effect, in those strains which re- 
quire it in the medium, the compound must be in contact with the cells at least 
20 minutes before the phage is added, while the virus is being adsorbed to the 
bacteria, and one-half through the minimum latent period. In the absence of 
the AHPF, the virus is adsorbed to the cell and kills the cells, but little or no 
phage is liberated. Under these latter conditions the infected cell behaves like 
an S. muscae cell infected with untraviolet-inactivated phage (3) or like E. coli 
B infected with T5 in the absence of calcium (4). If the AHPF is added after the 
virus is adsorbed, there is still no virus liberated from such infected ceils. The 
substance is therefore not necessary for the adsorption process, nor for an in- 
vasion reaction such  as  that  recently described by Adams  for T5 involving 
calcium  (4). There is no evidence that the AHPF affects the stability of the 
phage and the effect of the compound can in no way be attributed to the recent 
phenomenon discovered by Puck with E. coli virus T1 (5). 
If the AHPF was  simply concerned with the mechanism of virus release, 
rather than actual virus synthesis, it seems probable that adding the AHPF to 
the infected cells immediately after adsorption would permit such cells to release 
their phage. This does not happen. 
Cells infected in Fildes' synthetic medium in the absence of the AHPF and WINSTON  H.  PRICE  245 
then resuspended in tryptose phosphate broth do form phage. However, the 
minimum latent period of such cells is independent of the time they have been 
infected in Fildes' synthetic medium. This experiment argues against the AHPF 
being concerned in the release of phage, since if the virus was even partly syn- 
thesized in the absence of the AHPF the minimum latent period of cells sus- 
pended in tryptose phosphate broth should not be independent of the time they 
were in Flldes' synthetic medium. 
Looking at the experiments as a  whole, and in view of the fact that the 
AH-PF seems to be a  constituent of the virus (3) the best working hypothesis 
seems to be that the AHPF is concerned in some early stage in virus synthesis. 
An analysis of the effect of the  components of Fildes' synthetic medium on 
virus synthesis revealed that many of the amino acids behaved  in a  manner 
similar to the AHPF. In a detailed study of the effect of aspartic acid, which is a 
constituent of the phage particle, it was found that in the absence of aspartic 
acid the virus was adsorbed and killed the cell, although no virus was released. 
One-step growth curves indicated, as in the AHPF system, that there was little 
if any start in virus synthesis in the absence of aspartic acid. Similar observa- 
tions were noted with other amino acids which were essential for virus growth. 
This fact is of interest in view of unpublished experiments (7) which indicate 
that protein synthesis in an infected cell occurs almost immediately after in- 
fection, in contrast to the synthesis of virus desoxynucleic  acid in which a rather 
long lag period is exhibited (10). This is similar to the E. coli system (6). In con- 
trast to the E. coli system, however, protein synthesis in the infected cell ap- 
pears to be tied up with ribonucleic acid synthesis (7).  ~ Of further interest has 
been the observation (7), that the viral components (protein and desoxynucleic 
acid) are not synthesized in the same metabolic pattern as are bacterial protein 
and DNA. Thus, although in uninfected and infected cells protein formation 
appears linked to ribonucleic acid synthesis, there is no indication in uninfected 
cells that DNA synthesis depends on protein synthesis, as it appears to do in 
infected cells. Indeed, in uninfected cells, DNA synthesis can be detected before 
any increase in protein is found (7). However, since the formation of virus pro- 
tein seems to occur very early in the formation of the intact virus particle, it is 
not surprising that there is little if any start in virus synthesis in the absence of 
amino acids essential for phage reproduction. 
Cells grown in a medium containing aspartic acid, and then resuspended in 
the same medium free of aspartic acid and immediately infected, liberate no 
phage. Microbiological analysis of such cells revealed, however, that they con- 
It has now definitely been established that a virus-infected cell can synthesize 
bacterial  ribonucleic acid. The ribonucleic acid has been identified not only by the 
usual technique used in Schneider's method, but also' by identification of the pentose- 
phosphate  and purlne-pentose phosphate  ratio (7). The synthesis of RNA, however, 
is more complicated  than early results  indicated  (10). It depends on the cultural 
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mined  at  least  twice  the  amount  of aspartic  acid  needed  for the  amount  of 
phage released when aspartic  acid was present  during the whole phage  cycle. 
This observation also was made for other amino acids essential for virus syn- 
thesis.  In these  instances,  however,  the  cells  were  grown for 4  hours  in  the 
amino acids and then resuspended in the medi~an minus the amino acid, similar 
to  the  aspartic  acid  system,  but  no  actual  determination  was  made  on  the 
amount of the amino acid inside the cell. 
However, from the above results  it would appear  that  under conditions in 
which there is little if any cellular synthesis of a  substrate  essential for phage 
growth such a substrate, if taken up by the cell in the absence of the virus, is not 
able to be utilized by the virus for its synthesis. There must exist under these 
conditions a  competitive system which favors the cell, just as a  similar system 
appears to operate in favor of the virus when the substrates are present during 
the minimum latent period  (6). 
ExtJerimental Methods 
History of the Bacterial Culture.--The  first S.  rauscae culture used in the original 
work on the AHPF was obtained from Dr. Richard Shope in 1946. This culture had 
a division time of 2½ hours in Fildes' synthetic medium and formed little or no phage 
in this medium although the virus particle was absorbed to the cell (8). The multiplica- 
tion  rate  was  not  influenced  either  by acid-hydrolyzed casein,  obtained  from  the 
General Biochemical Co., Inc., or by crude acid hydrolysates of crystalline proteins. 
This culture, which had been transferred  every 24 to 48 hours from  1946 to  1948, 
was lost some time during the middle of 1948 when the work was discontinued. 
On taking up the AHPF work again in the latter part of 1948, the stock cultures 
which had been kept on veal infusion agar slants in the ice box grew very slowly in 
Fildes' synthetic medium, and the division time of these cells was greatly stimulated 
either  by acid-hydrolyzed casein or by crude  acid hydrolysates of  crystalline  pro- 
teins. 
Dr.  M.  Baylor  (unpublished  results  from this  laboratory)  found,  however,  that 
strains isolated from single  colonies  behaved quite differently with regard  to growth 
rate and phage production in Fildes' synthetic medium. She was able to isolate strains 
III and IV in this manner. Following this procedure, it was possible to isolate  strain 
I. This strain is similar to the original strain used, but grows more slowly in  Fildes' 
synthetic medium. 
A fraction of autolyzed pepsin, which had been purified by precipitation with basic 
lead  acetate  and  mercuric acetate-sodium  carbonate-alcohol  mixture,  had  greatly 
stimulated the phage yield of infected cells of the original strain without affecting the 
multiplication  rate.  This fraction also stimulated the virus yield of infected cells  of 
strain I, but also greatly increased the multiplication rate of strain I. By fractionation 
step 9  (1), however, it was possible  to remove the growth-stimulating factor in the 
autolyzed pepsin  preparation  and  still  keep  the phage-promoting substance.  Thus, 
it  was possible  to obtain a  system which behaved exactly like the original  culture 
toward AHPF. From these results it appears that the original culture was capable of WINSTON ~.  PRICE  247 
synthesizing a  substance  necessary for good  bacterial growth  in  Fildes' synthetic 
medium, while strain I  could not synthesize enough of the compound for  maximal 
multiplication. This cell growth-promoting factor seems to occur in acid-hydrolyzed 
proteins, and that is why the multiplication rate of strain I  is greatly accelerated by 
crude acid-hydrolyzed proteins. 
From other single colonies it was  possible to  obtain strains which behaved dif- 
ferently toward the AHPF than  strain I. These are described under Experimental 
Results. 
Culturing of Strains.--All  bacterial stock cultures used  in this work were trans- 
ferred every 24 or 48 hours.  Strains I  and II were cultured on Difco veal infusion 
agar slants and strains III and IV were cultured on Difco nutrient agar containing 
0.5 per cent tryptosc. The slants were made up according to the Difco directions and 
contained 2 per cent agar. 
Preparation of  Cells for  Experiments.--In  preparing  cells  for  experiments  the 
following procedure was always followed unless otherwise stated. 18 hour slants grown 
at 37°C. were washed off with 3.0 ml. of synthetic medium and pipetted into a  test 
tube. 7.0 ml. more of Fildes' synthetic medium was added to the tube, the contents 
well mixed, and centrifuged 8 minutes at 1100  X  g. The supernatant fluid was poured 
off and  the  cells again washed with  10.0  ml.  of  synthetic medium  as above. This 
washing procedure was  carried out once more. The  centrifuged cells were then  su- 
spended in 2.0 ml. of Fildes' synthetic medium. Enough of this suspension was added 
to 10.0 ml. of Fildes' synthetic medium to give 1.5  X  108 cells per ml. by turbidimetric 
determination (9). 
Daermination  of  Bacter/a.--Bacteria  were  determined  turbidimetrically as  de- 
scribed previously using  red  filter No.  66  (9).  Bacteria were  determined by plate 
count by suspending 0.5 ml. of the  sample in  1.0 ml. of Difco tryptose phosphate 
broth. 0.7 ml. of tryptose phosphate broth containing 2 per cent agar was added, the 
tube contents mixed, and then poured into a  Petri dish which had as its base about 
10.0  ml.  of  tryptose phosphate broth containing  2  per  cent agar. The plates were 
incubated 72 hours at 37°C. and then counted. The bacterial dilution was chosen so 
that there would be about 300 colonies on a plate. All plate counts were run in dupli- 
cate. The bacterial concentration determined by plate count was generally about 65 
per cent of that determined by the turbidimetric method. This was due to the fact 
that some of the cells of this strain were linked. Since the turbidimetric calibration 
was based on actual microscopic count, it would give a  higher count than the plate 
method, in which linked cells would only give rise to one colony. 
Reaction Mixtures.--All  experiments were carried out in 2.0  X  15 cm.  test tubes 
and shaken at 37°C. as previously described (9) unless otherwise stated. 
Virus  Assay.--Phage  was  determined  by  Gratia's plaque  count  method  as  de- 
scribed previously (10). 
One-step Growth Curves.--One-step growth  curves were  carried out as  described 
previously (1). 
Assay for AttPF.--The assay for the AHPF was carried out as described previously 
(1). 
Preparation o/Virus.--The virus used in this work was prepared as described pre- 
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Virus Yields from Single Cells.--The procedure of Burnet was followed (2). 
The actual technique used in the experiment reported in  this paper was the fol- 
lowing.  Cells were washed  and  prepared as described earlier. After shaking for 3{ 
hours, 0.1  ml. of virus solution was added to give a  final concentration of 1.5  X  108 
particles per ml. The bacterial concentration was 2.2  ×  108 B/ml. This mixture  was 
shaken  for  15  minutes  to  permit adsorption. The  reaction mixture was  diluted in 
synthetic medium to contain 5 cells per 10 ml. of synthetic medium. 0.5 ml. of this 
dilution tube was then added to a  1.5  X  12 cm. test tube containing 0.5 ml. of synthe- 
tic medium. The tube was incubated for 60 minutes at 37  °, and then 0.3 ml. of tryptose 
phosphate broth  containing 4  X  108  bacteria, plus 0.7  ml.  of tryptose  phosphate 
broth containing 2 per cent agar was added, the  tube shaken, and all the mixture 
poured onto a  Petri dish which had as its base 10.0 ml. of tryptose phosphate broth 
containing 2.5 per cent agar. 
Subculture of Strains  I, H, and IV.--Strains I, II, and IV were adapted to the 
synthetic medium in  the following manner.  Cells were washed off and prepared as 
described earlier. 10.0 ml. of Fildes' synthetic medium was then inoculated with  1.5 
X  108 cells per ml. The tube was shaken for 24 hours and then 0.5 ml. of this subculture 
was added to a second tube containing 9.5 ml. of Fildes' synthetic medium. The above 
procedure was then repeated for as long as necessary. 
Aspartic Acid Test System3.--All  the work reported in this and the following paper 
was carried out with strain I, after it had been subcultured nine consecutive times in 
Fildes' synthetic medium. However, the other three strains, after being subcultured in 
Fildes' synthetic medium for at least six times, were found to behave in a  similar 
manner. A subcultured strain was grown on Difco nutrient agar slants containing 0.5 
per cent tryptose for 21 hours at 37°C. and then stored in the ice box. When the culture 
was to be used for an experiment, synthetic agar slants were made from the stored 
stock cultures. No nutrient slant was used for transplanting purposes which had not 
been stored at least 24 hours in the ice box or was over 10 days old. The synthetic 
slants on which  the  cells were grown  for the  experiment differed from  the  regular 
Fildes' medium in that they lacked alanine, lysine, and aspartic acid. They contained 
2.5 per cent agar. After the cells were grown on these synthetic slants for 21  hours 
at 37°C.,  the bacteria were washed off with Fildes' synthetic medium which lacked 
alanine,  lysine, and  aspartic  acid  (minimal medium)  and  centrifuged.  They  were 
washed once more in 10.0 ml. of minimal medium. The cells were then suspended in 
2.0 ml. of minimal medium and were used to inoculate 2.0  ×  15 cm. test tubes each 
containing 10.0 ml. of minimal medium togive 2.0  X  108 cells per ml. Aspartic acid, 
1.5 rag. per tube, was added as the experiment demanded. The cells were shaken as 
described .earlier (9). One-step growth curves were carried out as described previously 
(1). All tubes contained 0.03 ml. 0.1  M CaCI~. The same virus preparation was used 
as described previously (3)  except  that  the  centrifuged phage was resuspended in 
Fildes' medium lacking alanine, lysine, and aspartic acid. Burst sizes for singly in- 
FP-- Bi  fected cells in the absence of aspartic acid were calculated by the formula 
Bi 
* Alanine and lysine were left out of this system, since in  their presence, in  the 
absence of aspartic acid, singly infected cells may or may not release small yields of 
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since the same conditions held here as for the AIIPF system (1). In the presence of 
FP  aspartic acid, burst sizes were calculated from the formula-~. 
SIYM~AR¥ 
1. Four strains of Staphylococcus  muscae have been isolated which differ in 
their growth rates and phage syntheses in Fildes' synthetic medium. 
2. Two of the strains when singly infected cannot release phage in Fildes' 
synthetic medium unless a substance present in certain acid-hydrolyzed  proteins 
is added to the medium. One of these strains also requires other substance(s) 
present in acid-hydrolyzed proteins in order to grow in Fildes' medium. 
3. The two strains which do not require the addition of the phage-stimulating 
factor have been found either to synthesize this substance, or one similar to it. 
One of these strains will not grow in Fildes' medium unless substance(s) present 
in acid-hydrolyzed proteins is added to the medium. 
4. The purified acid-hydrolyzed protein factor necessary for virus liberation 
does not affect the multiplication rate of uninfected S. muscge cells in Fildes' 
synthetic medium. 
5. The substance is not needed for the adsorption or the invasion of the host 
cell by the virus. In the absence of the factor, the virus is adsorbed to the cell 
and "kills" it. 
6. An analysis carried out by means of the one-step growth curve technique 
has indicated that the substance is not concerned simply with the mechanism 
of virus release, but is necessary for some initial stage in virus synthesis. 
7. With one bacterial strain not requiring the AHPF, aspartic acid had to be 
present at least during the minimum latent period for the cell to form virus. 
8. In the absence of aspartic acid, the virus was adsorbed to the cell and 
killed it, but no virus was released from singly infected bacteria. 
9. If the cells were grown in a  medium containing aspartic acid and then 
resuspended in the medium minus aspartic acid, no virus was released, although 
such cells contained at least two times the amount of aspartic acid necessary for 
the burst size in the complete medium. 
10. Aspartic acid, a constituent of the virus particle, appears from an analysis 
of one-step growth curves to take part in the initial phase of phage synthesis. 
11. The effect of amino acids on virus formation is discussed in relation to the 
time sequence of virus protein and desoxyribonucleic acid synthesis. 
BIBLIOGRAPHY 
1.  Price, W. H., J. Gen. Physiol.,  1950, 34, 225. 
2.  Burnet, F. M., Brit. J. Exp. Path., 1929, 10, 109. 
3.  Price, W. H., 3". Gen. Physiol., 1950, 34, 251. 
4. Adams, M., J. Bact.,  1949, 69., 505. 
5.  Puck, T. H., J. Bact., 1949, §7, 657. 250  vmws  sYm~m~sxs 
6.  Cohen, S. S., Y. Biol.  Chem., 1948, 174. 281. 
7.  Price, W.  H.,  data  to  be  published. 
8.  Price, W. H., J. Gen. Physiol.,  1947, 31, 127. 
9.  Price, W. H., J. Gen. Physiol.,  1947, 31, 119 
10.  Price, W. H., J. Gen. Physiol.,  1949, 33, 17. 